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Background
This test is being conducted as part of the U.S. Department of Energy's (DOE) Independent Testing project. This project was established to help reduce the barriers of wind energy expansion by providing independent testing results for small turbines. In total, four turbines are being tested at the National Wind Technology Center (NWTC) as a part of this project. Power performance testing is one of up to 5 tests that may be performed on the turbines, including duration, safety and function, noise, and power quality tests.
Test Summary
Figure 1 is a summary of the results of a power performance test that the National Renewable Energy Laboratory (NREL) conducted on the Gaia-Wind 11-kW small wind turbine (shown in Figure 2 ). In this test, the Gaia-Wind 11-kW turbine was installed at the NWTC Table 1 lists the configuration of the Gaia-Wind 11-kW that was tested at the NWTC. 
Test Turbine Configuration
Test Site Description
The test turbine is located at site 3.3B at the NWTC, which is 8 miles south of Boulder, Colorado. The terrain consists of mostly flat terrain with short vegetation (see Appendix A for photos of the test site). The site has prevailing winds bearing 292 degrees relative to true north. For measurements for which it is important to accurately measure wind speed, NREL uses data obtained when the wind direction is between 257 and 332, and between 147 and 197 degrees true. In this measurement sector, the influence of terrain and obstructions on the anemometer is small. Figure 3 shows the turbine and meteorological tower locations as well as nearby obstructions and topographical features of the site. Table 2 gives sizes and distances of nearby obstructions. NREL completed a site assessment to determine if the site fails the requirements of Annex A of the Standard and would therefore require a site calibration. Table 3 shows the results from the site assessment, which confirm that a site calibration was not required. The Gaia-Wind 11-kW was connected to the electrical grid at a nominal voltage of 480 VAC at a frequency of 60 Hz. The grid tolerances are 5% for voltage amplitude and 1% for frequency.
Description of Test Equipment
All test equipment was calibrated; Appendix B contains the calibration sheets. Table 4 shows the equipment used and calibration due dates. Figure 4 depicts the placement of the meteorological instruments on the tower. The primary anemometer was sent out for recalibration after the test period. The difference between the pre-test and post-test calibrations was within the tolerances allowed by the Standard. To ensure that only data obtained during normal operation of the turbine are used in the analysis, and to ensure that data are not corrupted, NREL excluded data sets from the database under the following circumstances:
• External conditions other than wind speed are out of the normal range for turbine operation.
• The turbine cannot operate because of a turbine fault condition.
• The turbine is manually shut down or in a test or maintenance operating mode.
Two methods are used to track when any of these conditions occur during the test. In the first method, the logbook will be checked for such events. The turbine controller provides two status signals that indicate when the turbine is available or braked. In the second method, these status signals are checked in the data file during analysis.
Description of Test Procedure
NREL conducted the test according to the procedures in the Standard. The sampling rate was 10 kHz, decimated to 40 Hz. The averaging time was 1 minute for the mean values. NREL also collected standard deviation, minimum, and maximum values for each averaging period.
Only database A is reported because the turbine did not reach cut-out wind speeds during the test period. Table 5 gives the uncertainty sources and values used in the analysis. The turbine status signals for the Gaia-Wind 11-kW originate from the turbine controller. The status signals indicated whether the turbine was available or braked. Table 6 through Table 9 list the power performance test results. Table 6 shows the binned power performance results at sea-level normalized air density. Table 7 shows the binned power performance results at the site average air density for the NWTC. Table 8 shows the annual energy production at sea-level normalized air density. Table 9 shows the annual energy production (AEP) at the site average air density at the NWTC. 
Test Results
Tabular Results of Power Performance Test
Graphical Results Power Performance Test
Figure 5 through Figure 11 show the results of the power performance test. Figure 5 shows a plot of the binned power curve normalized to sea-level air density. 
Deviations and Exceptions
Deviations from the Standard
The current transformers are not compliant with IEC 60044-1 but do exceed the minimum accuracy required by the standard.
Exceptions to NWTC-CT Quality Assurance System
The data acquisition modules were used beyond the calibration due date. The modules were post-test calibrated and found to be in compliance within the specifications. Appendix B includes the post-test calibration sheets. 
